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(54) Organic electroluminescent device 

(57) An organic electroluminescent device includes 
at least two light-emissive units provided between a 
cathode electrode and an anode electrode opposed to 
the cathode electrode, each of the light-emissive units 



including at least one light-emissive layer. The light- 
emissive units are partitioned from each other by at least 
one charge generation layer, the charge generation lay- 
er being an electrically insulating layer having a resis- 
tivity of not less than 1.0 x 10 2 Qcm. 
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Description 
• BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 



[00011 Thepresentinventionrelatestoano^^^ 

EL device" or "device") which can be used in planar light sources and display devices. 

w 2. Description of the Related Art 

rO0021 Recently attention has been drawn to organic electroluminescent devices having a light-emitting or lumines- 

Strode as a large area display device operable at a low driving voltage. For the purpose of higher efficiency in an 
15 iSce Tang et a? as is disclosed in Appl. Phys. Lett.. 51, 913 (1987), have successfully achieved a sufficiently 

«* P ractic * use ' ie - 3 luminanCe ° f 1 •°°° Cd/m2 ^ ^ eX,ema,qUantUm e ^' enC " 
o 1% aTan appS Sage no more(greater) than 10 volts, by adopting a structure in which organ,c compound layers 

^ZaTcldeaSTcath^ 

20 STrthermore, according to the disclosures of the patents .invented by J-9 (such a Japanese Laid- 
ooen Patent Application Nos. 59-194393. 63-264692 and 2-15595 and U.S. Patent Nos.4,539,507, 4 -769,292 and 
4 885 21 1 ) I fe sS that if a total layer thickness of the organic layers sandwiched between an anode and a cathode 
tZ not il^fSouM pm. an EL device capable of emitting light at a lower level of the appi.ed voltage can be 
pnv de^ and h at deS irab!yif the total layer thickness is reduced to a range of 1 000 to 5 OOOA an e , ec nc field (V/ 
cm) useful in obtaining a light emission at an applied voltage no more than about 25 volts can be obtained 
?00041 The reason why Tang et al. have directed their attention to a reduction of the layer thickness of the organic 

!TSSC3SlS^i a,, in the 1960s. Name,, Helfrich et a., have observed that an externa, quantum 
efficient of about 5% can be obtained when a sufficient electric field electroluminescence (EL is appl ed to >m an- 
th^acine'single crystai; however, according to their method, only a low power conversion , efficiency (w/w) could be 
ohtained since the voltage required to drive such devices is quite high (greater than 100V). 

Tang et al. patents, the organic EL devices suggested therein have a mul- 
Lvered sSre in which an anode, a hole injection (transporting) layer, a light-emitting layer (havmg an electron 
SSSoSS^S a cathode are laminated in that order, and the devices can provide a quantum efficiency of 
SZSSrtlW (0.05%). Furthermore, the quantum efficiency is defined in Japanese Laid-open *™Ap£ 
catto^ No 59-194393 as the EL quantum efficiency simply equaling the ratio of photons per second emitted from the 
rpil to the electrons per second measured in the external circuit. 

m0061 Present as has been already disclosed, when a fluorescent material (utilizing em.ss.on from a singlet exa- 
So s tate) use n *e thin layer EL devices suggested by Tang et al.. a quantum efficiency above 5% can be 
XTS.!!^^ a phosphorescent materia, (utilizing emission from a triplet excitation state) ,s used .n 
thP Fi devices a Quantum efficiency approaching to 20% can be obtained. ^ t ^ . r 

SnOT A?Sn be appreciated from the above description, the quantum efficiency is calculated from the number of 
Z ohotons actual emitted from (outside of) the device, and thus the quantum efficiency is called external quantum 
<5 1S^<S^^ ^number o! photons generated internal.y in the device might be qu.te large when 
compared wl the value observed externally, and it is predicted that such efficiency, called mternal quantum efficaen^ 

Itria. an ntema quantum efficiency can be exhibited at 100%. and thus it seems that ^^^T^ 
™S FL devices resides only in an increase of the reliability concerning the operational hfe-time of the dev.ces 

research and development in the field of organic EL devices, and thus a great numbe of .mproved EL dev.ces _ have 
Z t£££ based on the basic device structure suggested by Tang et a.. Present.* ° f the 

devices has already started in regard to their use as a display device on a dashboard or >n a cellular phone. 
?00091 However lorn a viewpoint of durability of the device, the above-described conventual organic EL devices 
[0009] However. ™™ v> 1Q 000 ho(jrs with a | umina nce of only the order of 100 cd/m*. which 

zss* ixiS^^^s^ <° a « ain a required practicai operationa, t. ( : aoo ° hours 

or 3Twi n 1£3££ of about 1 000 to 10.000 cd/m*. which is required in illumination use. etc. In fart, an organic 
EL del av g a high luminance and long operational life-time is still not realized and not commeraally ava.lable. 
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[0010] As described above, attention that has recently been drawn to organic EL devices has been based on the 
discovery of a thin film-forming material which drives the resulting device at a low voltage of not more than 10 volts, 
However, the resulting device still suffers from the disadvantage that if the device is intended to obtain a high luminance 
emission necessary for illumination purposes, a higher current density approaching tens of mA/cm 2 to hundreds of 

5 mA/cm 2 is necessary. Note that in the best green light-emitting devices currently available, a luminance of about thou- 
sands to tens of thousands of cd/m 2 still needs the above-mentioned current density of about 10 to 100 mA/cm 2 . It 
can be considered that this property is characteristic of charge injection type devices (like this organic EL device), and 
such characteristics can cause a relatively large problem with the operational life-time of organic EL devices in com- 
parison with an inorganic LED (light-emitting diode) which is also a charge injection device and uses an inorganic 

10 compound semiconductor which can be more robust than organic compounds. 

[001 1] In an organic layer formed from a low molecular organic material via a vacuum vapor deposition method, the 
nature of the electric current passing through the organic layer is defined as a hopping conduction of electrons and 
holes between the molecules of the material. Furthermore, when observing the molecules from the chemical aspect, 
it can be described like this; the electron transporting molecules and the hole transporting molecules which are generally 

15 being as electrically neutral molecules are repeatedly subjected to a process in which the electron transporting and 
hole transporting molecules are shifted to a radical anion state or a radical cation state, i.e., the oxidation-reduction 
reaction in terms of Lewis* chemistry is being repeated between these molecules. Referring to the above-described 
property in the organic EL devices, i.e., that a higher current density is required to attain higher luminance, this property 
means that the oxidation-reduction reactions are repeated at a higher frequency. Obviously, the deterioration speed 

20 of the organic molecules is proportional to a frequency of the oxidation-reduction reactions, namely, the current density. 
[0012] To solve the above problem, Japanese Laid-open Patent Application No. 11-329748 (corresponding U.S. 
Patent No.6,1 07,734) suggests an organic EL device in which a plurality of organic light-emitting layers are electrically 
connected in series through an intermediate conductive layer, and with regard to the intermediate conductive layer, 
describes that many types of materials may be used in the formation of the intermediate conductive layer, as long as 

25 they (the intermediate conductive layer) are capable of injecting holes and electrons to one or the other primary surface 
side, and capable of keeping an approximate equipotential in the layer. 

[0013] This EL device, however, suffers from the following problem. For instance, in the display device having a 
simple matrix structure, the light emission area upon voltage application should be defined only to the pixel, i.e., the 
intersection area, sandwiched by cathode and anode line, thereby enabling to display a motion picture. However, in 

30 the above-described case in which the intermediate conductive layer having a substantially equipotential surface is 
formed in a substantially overall surface in an area which is equal to the area of the organic light-emitting layers, i.e., 
when the intermediate conductive layer is also formed in areas other than the intersection area sandwiched by cathode 
and. anode line, light emission can be generated in areas other than the intersection areas in which the light emission 
is desired to be generated. Specifically, there is a possibility of generating light emission in all of the crossed area of 

35 the cathode with the intermediate conductive layer, the crossed area of the anode and with the intermediate conductive 
layer, and if two or more intermediate conductive layers are contained, the crossed area between one intermediate 
conductive layer and another intermediate conductive layer. 

[0014] Accordingly, it is described in Japanese Laid-open Patent Application No. 11-329748 that the intermediate 
conductive layers of each pixel are separated not only from the intermediate conductive layer of the adjacent pixels, 

to but also from a power source. Furthermore, one idea to separate the intermediate conductive layers from each other 
in the pixels in the EL device having a simple matrix structure is also described in this publication. If an interlayer 
insulation film is previously formed and disposed at a layer thickness above 1 u,m and in the form of a sharp step 
pattern, the conductive layer can be automatically separated in the presence of a suddenly-changed shape of the 
interlayer insulation film, even if the conductive layer is formed using the shadow mask identical to the one for an 

<5 organic material deposition. 

[0015] However, in this case, although the cathode should not be separated, the cathode can be separated by the 
interlayer insulation film if the cathode has only a thickness of about 0.1 u.m (100 nm) as in the conventional organic 
EL devices. To avoid this problem, Japanese Laid-open Patent Application No. 11-329748 teaches use of In (indium) 
as the cathode material at large thickness, thereby preventing electrical separation of the cathode line, because indium 

50 cannot easily cause problems due to crystallization (this problem is generally referred to as "hillock"), even if the cathode 
is formed at a thickness of 1 ^im or more. 

[0016] In this alternative case, however, a problem of the throughput reduction cannot be also avoided, because a 
metal such as Al (aluminum), which is a conventional and low-cost wiring material, cannot be used as a cathode material 
and also it is necessary to stably form "an interlayer insulation film having a layer thickness above 1 u,m and a suddenly- 
55 changed shape of the interlayer". 

[001 7] Furthermore, the inventors of the present invention have also proposed another organic EL device in Japanese 
Patent Application No. 2001-225847, and has at least two light-emitting units constituting the conventional organic EL 
device (the components in all the elements constituting the conventional organic EL device except for a cathode and 
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^s h ^^^^•^• l ■•••- m * B,telh '*'' ressM, 

SS, However, ee ,n ft. - 
^^^^^^ 

Se method of Japanese Laid-open Patent , N ^? n X c Xde 55 and the anode 52 so that they are 

Sh" the form of a strip having a width o * * e cr0SSed 

crossed alright angles, thereby producing a * Wel ™2I2h2 areas when there is an area having an equ.potent.al 

tailnto^h a dtotom,e»wtooten^ 

5£E£*h correspond, to 0. « ^JTZ^'SS 'tolSto JL*. «**» «* J- » «** 
oixel) of about 0.1 mm or less. nmdu rtion of the EL devices, frequent changing and precise po- 



SUMMARY OF THE INVENTION 
[00231 ,viewoftheaboveprob,emsinthec,n— 

vention provides an organic EL device which can ^ which cannot be easily attained in conventional 

along operationai life time with a light-em.ss.on a t ■ ^JSESTK ^vices, the formation of two or more light- 
It devices, in the production of such organic ^^^S between a cathode and an anode, frequent 
emissive units (mainly formed from an organic «*2L™2Son area is not required during the formation of 
ch nge and precise positioning of shadow rT^*fH^SfSX A formation of the interiayer insulation 
a charge generation layer, which is newly '"^^TsSlectJon of a cathode line is also not required, thus 
m in a sudden-changed shape which has a ns of caujng ^ nne sjmple mM ^ m diS p,ay devices, eta 
enabling to enhance productivity and to simp fy the process o_ ™ device l8 provid ed, including at least 

So ding to an aspect of the present invention a^anTnode electrode opposed to the cathode eteo- 

Stimissive units provided between a cath^ 

Entmaterials.Acha^^ 

£££ Reaction between the two materials and a ^^SS^mpm^^^*^ 

anorganic and/or organic material capable jof ^^^^J^i a charge transfer complex formed 
reaction thereof with the organic compound. The ^Vand one of an inorganic and organic material, 

upon the oxidation-reduction reaction between wnerein , he arylamine compound ,s represented 

[0026] The organiccompound can include an arylam.ne comp 
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by the following formula (I): 
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Ar 



1 



N- 



Ar 



3 



wherein Ar1, Ar2 and Ar3 each independently represents an aromatic hydrocarbon group which may have sub- 
stltuents. 

[0027] It is desirable for the organic compound to include an arylamine compound having a glass transition temper- 
ature of not lower than 90 °C. 

[0028] The arylamine can include one of a -NPD, 2-TNATA, spiro-TAD, and spiro-NPB. 

[0029] The inorganic material can be a metal oxide. 

[0030] The inorganic material can be a metal haiide. 

[0031] The metal oxide can be vanadium pentaoxide or rhenium heptaoxide. 

[0032] The inorganic material can be deposited by one of a resistive heating vapor deposition method, an electron 
beam vapor deposition method and a laser beam vapor deposition method. 

[0033] The inorganic material can be deposited by a sputtering method. A sputtering apparatus used in the sputtering 
method is a facing target sputtering system which includes a pair of opposed targets provided at a certain distance, a 
reflection electrode capable of reflecting electrons towards a front peripheral area of each target, and a magnetic field 
generation device capable of forming a parallel magnetic field in the vicinity of the peripheral portion of each target, 
the magnetic field having a portion parallel to the peripheral portion of the target. 

[0034] The organic material can include at least one fluorine as a substituent group, and possess at least one of an 
electron injection property and an electron accepting property. 

[0035] The organic materia! can include at least one cyano group as a substituent group, and possess at least one 

of an electron injection property and an electron accepting property. 

[0036] The organic material can be tetrafluoro-tetracyanoquinodimethane (4F-TCNQ). 

[0037] The light-emissive unit can include, as a layer located on an anode side of the charge generation layer and 
being adjacent thereto, an electron injection layer having a mixture including an organic compound and a metal func- 
tioning as an electron donating dopant. 

[0038] The electron donating dopant can include at least one metal selected from a group including an alkaline metal, 
an alkaline earth metal and a rare earth metal. 

[0039] The metal of the electron donating dopant can be provided in a molar ratio of 0.1 to 10 with respect to the 
organic compound in the electron injection layer. 

[0040] The light-emissive unit can include, as a layer located on an anode side of the charge generation layer and 
being adjacent thereto, a metal layer having a thickness of not more than 5 nm formed from a metal selected from an 
alkaline metal, an alkaline earth metal and a rare earth metal. The metal constituting the layer diffuses in the adjacent 
electron transporting layer to react with electron transporting organic material. As a result of the diffusion, an electron 
injection layer being composed of a mixture including the electron transporting organic material and a metal functioning 
as an electron donating dopant is formed. 

[0041] The light-emissive unit can include, as a layer located on an anode side of the charge generation layer and 
being adjacent thereto, a layer including an organic metal complex compound including at least one metal ion selected 
from an alkaline metal ion, an alkaline earth metal ion and a rare earth metal ion, and a reaction generating layer which 
is formed by an in-situ reduction reaction when a thermally reducible metal, which can reduce a metal ion in the organic 
metal complex to a metal in a vacuum is deposited on the organic metal complex constituting the layer. 
[0042] The light-emissive unit can include, as a layer located on an anode side of the charge generation layer and 
being adjacent thereto, a layer including an inorganic compound including at least one metal ion selected from an 
alkaline metal ion, an alkaline earth metal ion and a rare earth metal ion, and a reaction generating layer which is 
formed by an in-situ reduction reaction when a thermally reducible metal, which can reduce a metal ion in the inorganic 
compound to a metal in a vacuum is deposited on the inorganic compound constituting the layer. 
[0043] It is desirable for the thermally reducible metal to include at least one selected from Aluminum, Zirconium, 
Silicon, Titanium and Tungsten. 
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material provided in *e container Remissive units and the charge generation iayers. sand- 

electrode is substantially not necessary. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0058] 
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upon application of voltage in a charge generation layer having a laminated layer structure, according to the device 
of the present invention; 

Figure 4 is a schematic view showing a charge transfer complex formation and transfer of electrons and holes 
upon application of voltage in a charge generation layer having a mixed layer structure, according to the device 
of the present invention; 

Figure 5 is a graph of the absorption spectrum obtained in a single layer or mixed layer of an arylamine compound 
and vanadium pentaoxide; 

Figure 6 is a graph of the absorption spectrum obtained in a single layer or mixed layer of 2-TNATA and 4F-TCNQ; 
Figure 7 is a graph of the absorption spectrum obtained in a single layer or mixed layer of a-NPD and rhenium 
heptaoxide; 

Figure 8 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device according 
to the present invention; 

Figure 9 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Reference Example 1; 

FigurelOA shows a glass substrate on which a transparent anode electrode is coated; 
Figure 10B shows a construction of a metallic mask for organic layer formation; 
Figure 10C shows a construction of a metallic mask for cathode electrode formation; 
Figure 10D shows schematic view illustrating a construction of the organic EL device; 

Figure 11 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Reference Example 2; 

Figure 12 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Reference Example 3; 

Figure 13 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Example 1; 

Figure 14 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Example 2; 

Figure 15 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Example 3; 

Figure 16 is a graph of the emission spectrum obtained in Reference Example 1, and Examples 1 and 4; 
Figure 17 is a graph of the emission spectrum obtained in Reference Examples 2 and 3, and Example 3; 
Figure 18 is a schematic cross-sectional view illustrating a lamination structure of the organic EL device produced 
in Example 4; 

Figure 19 is a graph of the emission spectrum of three EL devices produced in Example 4; 

Figure 20 is a graph of the emission spectrum of three EL devices produced in Example 5; 

Figure 21 is a graph of the luminance-voltage curve of the organic EL devices produced in Reference Example 1 , 

and Examples 1 and 2; 

Figure 22 is a graph of the current density-voltage curve of the EL devices produced in Reference Example 1 , and 
Examples 1 and 2; 

Figure 23 is a graph of the current efficiency-current density curve of the EL devices produced in Reference Ex- 
ample 1 , and Examples 1 and 2; 

Figure 24 is a graph of the luminance-voltage curve of the organic EL devices produced in Reference Examples 
2 and 3, and Example 3; 

Figure 25 is a graph of the current density-voltage curve of the EL devices produced in Reference Examples 2 
and 3, and Example 3; 

Figure 26 is a graph of the current efficiency-current density curve of the EL devices produced in Reference Ex- 
amples 2 and 3, and Example 3; 

Figure 27 is a graph of the luminance-voltage curve of three organic EL devices produced in Example 4; 

Figure 28 is a graph of the current density-voltage curve of three EL devices produced in Example 4; 

Figure 29 is a graph of the current efficiency-current density curve of three EL devices produced in Example 4; 

Figure 30 is a graph of the luminance-voltage curve of three organic EL devices produced in Example 5; 

Figure 31 is a graph of the current density-voltage curve of three EL devices produced in Example 5; 

Figure 32 is a graph of the current efficiency-current density curve of three EL devices produced in Example 5; 

Figure 33 is a plan view showing a device having a sandwiched structure used in the evaluation of the resistivity; 

Figure 34 is a cross-sectional view showing a device having a sandwiched structure used in the evaluation of the 

resistivity; 

Figure 35 is a plan view showing a device having a copianar arrangement structure used in the evaluation of the 
resistivity; 

Figure 36 is a cross-sectional view showing a device having a copianar arrangement structure used in the evalu- 
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6 and a conventional device. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0059] The inventors -^^7^^^*^ 
Sms and have found that a solution can be ™ ^ electrode, and each of the light-em.ss.ve 

between a cathode electrode and an anode '^^^SSXS* 1 0 x ^ Q - 
urTs are Partitioned with a charge genera, on layer . e ^^ M rt- 
" 10* O cm. Hereinafter, the property hav.ng such aw JjJ™^, and a n anode in the EL dev,ce havmg 
fo060 When a certain level of the voltage was applied between i catn o ^ ^ an0(Je 

canbeoonnecte^oon^ 

^0^0^ 

[0061] Asdescnbedabove.according^ 

n series" throughout the charge generat.on layer Such senes conne can jnject holes m a cathode 

level of the voltage was applied to the *£?S£^Z direction, and as a result of injection of 
diction of the device, thus playing a role ^^**££Ki units and the charge generation layers) sand- 
Shthe electrons and theho.es. insu.a«ng layer the two or more hght- 

wiched between the anode and the cathode are T0 ^ e ° ri s in an e | e ctrical circuit. . 

JS -"its can act just as they are electrically connected jnvention resides in an organic EL dev.ce 

rooSl In other words, the organic EL dev.ce ^'^J^^S an anode electrode opposed to the cathode 
Kdng two or more light-emissive units which the light-emissive units are part, 

Sectrode, each light-emiss^e ^^^J^S^l^ °*™* >0n " 

tioned from each other by at least one charge general. or uaye , 1.0 x 105 ncm . 

Sating layer having a resistivity of at least more than i o xl* « J Remissive unit corresponds to 
S T Furthermore, the materia, used in ^^^^J^SJ^ EL devices, and thus all the layers 
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EL device, a radical cation state (hole) and a radical anion state (electron) in the charge transfer complex is transferred 
to a direction of the cathode and a direction of the anode, respectively, so that a hole is injected into the light-emissive 
unit which is located on a cathode side of the charge generation layer and is adjacent thereto, and an electron is 
injected into the light-emissive unit which is located on an anode side of the charge generation layer and is adjacent 
thereto, 

[0067] Moreover, in the organic EL device of the present invention, the charge generation layer desirably includes 
a laminated or a mixed layer which has the following components: 

(a) an organic compound having an ionization potential of less than 5.7 eV and a hole transporting property or 
electron donating property; and 

(b) an inorganic or organic materia! capable of forming a charge transfer complex through its oxidation-reduction 
reaction with the organic compound (a); and 

a charge transfer complex formed upon the oxidation-reduction reaction between the components (a) and (b) 
being contained in the charge generation layer. 

[0068] In addition, in order to easily obtain a radical cation state from an organic compound which generally has an 
electron donating property, it is desirable that the organic compound has an ionization potential of less than 5.7 eV. If 
the ionization potential of the organic compound used as the component (a) is 5.7 eV or more, it is difficult to cause 
an oxidation-reduction between the organic compound and the compound used as the component (b) with result of 
difficulty in producing a charge transfer complex which is required in when applying the present invention. 
[0069] More particularly, the organic compound used as the component (a) is desirably an arylamine compound, 
and the arylamine compound is desirably represented by the following formula (I): 



wherein Ar1 , Ar2 and Ar3 each independently represent an aromatic hydrocarbon group which can have substit- 
uents. 

tetra-p-tolyM^'-diaminobiphenyl, bis (4-di-p-tolylaminophenyl)phenylmethane, N,N'-diphenyl-N,N'-di(4-methoxyphe- 
nyl)-4,4'-diaminobiphenyl, N.N.N'.N'-tetraphenyM^'-diaminodiphenylether, 4,4'-bis(diphenylamino)quadriphenyl, 
4-N,N-diphenylamino-(2-diphenylvinyl)benzene, 3-methoxy-4-N,N-diphenylaminostilbenzene t N-phenylcarbazole, 
1,1-bis(4-di-p-triaminophenyl)cyclohexane, 1,1-bis(4-di-p-triaminophenyl)-4-P n eny | cyclohexane, bis(4-dimethylami- 
no-2-methylphenyl)phenylmethane, N,N,N-tri(p-tolyl)amine, 4-(di-p-tolylamino)-4 , -[4-(di-p-tolylamino)styryl]stilbene, 
N,N,N\NMetraphenyl-4,4'-diaminobiphenyl N-phenylcarbazole, 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl, 4,4"- 
bis[N-(1-naphthyl)-N-phenylamino] p-terphenyl, 4,4'-bis[N-(3-acenaphthenyl)-N-phenylamino]biphenyl, 1,5-bis 
[N-(1 -naphthyl)-N-phenylamino]naphthalene, 4,4'-bis[N-(9-anthryl)-N-phenyIamino]biphenyl, 4,4"-bis[N-(1 -anthryl)-N- 
phenylamino] p-terphenyl, 4,4'-bis[N-(2-phenanthryl)-N-phenylamino]biphenyl, 4,4'-bis[N-(8-fluoranthenyl)-N-phe- 
nylaminojbiphenyl, 4,4-bis[N-(2-pyrenyl)-N-phenylamino]biphenyl, 4,4'-bis[N-(2-perylenyl)-N-phenylamino]biphenyl ) 
4,4 , -bis[N-(1-coronenyl)-N-phenylamino]biphenyl, 2,6-bis(di-p-tolylamino)naphthalene, 2,6-bis[di-(1-naphthyl)amino] 
naphthalene, 2,6-bis[N-(1-naphthyl)-N-(2-naphthyl)amino]naphthalene, 4,4"-bis[N,N-di(2-naphthyl)amino]terphenyl, 
4,4'-bis {N-phenyl-N-[4-(1-naphthyl)phenyl]amino} biphenyl, 4,4-bis[N-phenyl-N-(2-pyrenyl)amino]biphenyl, 2,6-bis[N, 
N-di(2-naphthyl)amino]fluorene, 4,4 M -bis(N,N-di-p-toIylamino)terphenyl, bis(N-1-naphthyl)(N-2-naphthyl)amine, 4,4- 
bis[N-(2-naphthyl)-N-phenylamino]biphenyl (cc-NPD), represented by the following formula: 




Ar 



1 



N — Ar 3 
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, 2-TNATA represented by the following formula: 




, and the like. 

[0070] Furthermore, any well-known arylamine compound used in the production of a conventional organic EL de- 
vices can be suitably used. 

[0071] Furthermore, in regard to increasing a heat resistance of the devices, it is desirable that the arylamine com- 
pound used herein is an arylamine compound having a glass transition temperature of not lower than 90 °C. 
[0072] Among many arylamine compounds listed above, a-NPD, spiro-NPB, spiro-TAD and 2-TNATA are typical 
examples of a suitable arylamine compound because they have a glass transition temperature of not lower than 90 °C. 
[0073] In the organic EL device of the present invention, if the charge generation layer is constructed from a laminate 
including two different materials, one material constituting the laminate can be an organic material which constitutes 
a hole transporting layer in the light-emissive unit adjacent to the charge generation layer. Furthermore, in such a case, 
the hole transporting layer is desirably constructed from an arylamine compound used as the component (a). 
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a simply piled up spectrum curve obtained as a result of combination of a spectrum of one single substance with a 
spectrum of another single substance. The inventors have studied and found that a chemical reaction generated in 
the mixed layer is an important factor to ensure a charge transfer upon application of the voltage. 
[0087] When two compounds (or layers) are laminated, it is easily conceived that a chemical reaction can be gen- 
5 erated in an interfacial surface between the two layers. Thus, it is true that the intended and desired properties can be 
obtained in a charge generation layer when the layer is formed by lamination of the two compounds. 
[0088] In the present invention, the terms "light-emissive unit", as explained above, means a "component of the 
conventional organic EL device" excluding an anode and a cathode. 

[0089] The "component of the conventional organic EL device" includes, for example, (anode) / a light-emissive layer 
10 I (cathode), (anode) la hole-transporting layer / a light-emissive layer / (cathode), (anode) /a hole-transporting layer /a 
light-emissive layer / an electron-transporting layer / (cathode), (anode) / a hole injection layer /a hole-transporting 
layer la light-emissive layer / an electron-transporting layer /(cathode) and the like. 

[0090] In the organic EL device according to the present invention, the light-emissive units may have any laminate 
structure, providing the laminate structure satisfies the requirement that each light-emissive unit is partitioned with an 
15 electrically insulating charge generation layer and that there are a plurality of light-emissive units. Furthermore, the 
materials used in the formation of a light-emissive layer, a hole-transporting layer, a hole injection layer, an electron- 
transporting layer, an electron injection layer, and the like are not restricted to any specific material and can be any 
conventional material used in the formation of these layers. 

[0091] Furthermore, the light-emissive or luminescent materials which may be added to a light-emissive layer are 
20 also not restricted to a specific material, and can be any well-known material which includes, for example, a wide variety 
of fluorescent materials and phosphorescent materials, 

[0092] Generally, a metal having a low work function or a metal alloy, a metal oxide, and the like, containing such a 
low work function metal is mainly used as the cathode material. Specifically, the cathode material includes, for example, 
a single body of a metal, for example, an alkaline metal such as Li, and the like, an alkaline earth metal such as Mg, 

25 Ca, and the like, a rare earth metal such as Eu, and the like, and a metal alloy of these metals and Al, Ag, In, and the 
like. Furthermore, in the device construction suggested by the inventors in Japanese Laid-open Patent Application 
Nos. 10-270171 and 2001-102175, in which a metal-doped organic layer is used in an interfacial surface between a 
cathode and an organic layer, any electrically conducting material may be used as the cathode material. In this con- 
struction, the selection of the cathode material is not restricted by properties such as work function of the selected 

30 material. 

[0093] Moreover, if an organic layer adjacent to a cathode is constructed from an organic metal complex compound 
containing at least one of alkaline metal ions, alkaline earth metal ions and rare metal ions using the technologies 
disclosed by the inventors in their Japanese Laid-open Patent Application Nos. 11-233262 and 2000-182774, a metal 
capable of reducing a metal ion contained in the complex compound in vacuum to the corresponding metal, for example, 

35 a thermally reducible metal such as Al, Zr, Ti, Si, and the like, or an alloy including these metals may be used as the 
cathode material. Among these metals, aluminum (Al) which is generally and widely used as a wiring material is par- 
ticularly desired as the cathode material in view of its easy vapor deposition, high light reflectance and chemical stability. 
[0094] Similarly, the anode material is not restricted to a specific material. For example, a transparent conducting 
material such as ITO (indium tin oxide), IZO (indium zinc oxide), and the like, can be used as the anode material. 

*o [0095] Furthermore, assuming that an ITO coating is formed with a sputtering method using the process suggested 
in Japanese Patent Application No. 2001-1 42672 to avoid damage in an organic layer, a transparent conducting material 
such as above described ITO and IZO may be used as the cathode material if a metal-doped organic layer described 
in Japanese Laid-open Patent Application No. 1 0-2701 71 is used as an electron injection layer in the manner described 
above. Accordingly, it becomes possible to produce a transparent light-emitting device by forming both of the cathode 

<5 and the anode as a transparent electrode, because the organic layer and the charge generation layer are also trans- 
parent. Alternatively, contrary to the structure of the above-described general organic EL device, if an anode is formed 
from any metal material and a cathode is formed as a transparent electrode, it is possible to provide a device structure 
in which the emitted light can be projected from a laminated-layers side of the device, not from a substrate side of the 
device. 

50 [0096] In addition, the order of the steps for forming layers is not restricted to any specific order. Namely, the layer 
formation may not always be started from an anode side of the device, and the layers may be formed from a cathode 
side of the device. 

[0097] In the organic EL device of the present invention, types of the material used in the formation of cathode and 
anode electrodes or the method for forming a charge injection layer adjacent to these electrodes may be based on 
55 well-known technology widely used in the conventional EL devices, providing that two or more light-emissive units are 
contained between the opposed cathode and anode electrodes and each light- emissive unit is partitioned by a charge 
generation layer having a resistivity of not less than 1.0 x 10 2 Qcm, desirably not less than 1 .0 x 10 5 ftcm. 
[0098] The organic EL device of the present invention having a novel device structure is distinguishable from the 
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by about n-times, and in addition to the increase of these voltages, the quantum efficiency (current efficiency) can be 
also increased by about n-times. 

[0109J Moreover, the organic EL device of the present invention containing a plurality of the light-emissive units has 
a secondary advantage of being able to reduce the risk of short circuiting in the device. In conventional EL devices 

5 containing only one light-emissive unit, if an electrical short circuit is caused between a cathode and an anode due to 
presence of pinholes, etc., in the layer of the unit, the EL devices could immediately change to a state of emitting no 
light. Conversely, in the organic EL device of the present invention, since the layer thickness between the electrodes 
is thick, a risk of short circuiting can be reduced, and at the same time, even if short circuiting is caused in some light- 
emissive units, the worst scenario result such as non-light emission can be avoided because the remaining light- 

10 emissive units can still emit light. Specifically, when the EL device is designed to be driven at a constant current, a 
driving voltage is only reduced by an amount corresponding to the short circuited units, and the remaining non-short 
circuited units can emit light normally, 

[0110] In addition to the above advantages, for example, when the organic EL device of the present invention is 
applied to an EL display device having a simple matrix structure, a reduction of the current density means that a voltage 

is reduction due to the wiring resistance and a temperature increase in the substrate can be largely reduced in comparison 
with a conventional display device. Furthermore, a higher driving voltage between the electrodes, which sandwich the 
light-emissive element portion, in comparison with the conventional devices means that a voltage reduction due to the 
wiring resistance does not largely cause a reduction of the luminance (the effect due the higher driving voltage can be 
sufficiently understood just from considering the influence of the possible potential reduction of 1 volt due to the wiring 

20 resistance to a reduction of the luminance in comparison with an EL device capable of providing a luminance of 1 ,000 
cd/m 2 at 5 volts and an EL device capable of providing a luminance of 1,000 cd/m 2 at 50 volts). This effect, in combi- 
nation with another characteristic of the EL device of the present invention where the device naturally has a low voltage 
reduction in the wiring portion thereof, enables to achieve a display device controllable at a constant voltage which 
can not be provided using a conventional device. 

25 [0111] Furthermore, the above-described characteristics advantageously affect other uses for obtaining an uniform 
light emission in a large surface area, in particular, for use as an illumination apparatus. In conventional organic EL 
devices, since an electrode material used therein, especially a transparent electrode material, typically ITO, etc., has 
a resistivity of up to 10* 4 Ocm, which is about 100 Hem higher than a resistivity of metal (up to 10* 6 ftcm), a voltage 
(V) or electric field E (V/cm) applied to the light-emissive unit reduces with an increase of the distance from a contact 

30 point of electric power, so that unevenness (difference of luminance) in the luminance occurs between a near portion 
to and a far portion from a contact point of electric power. Conversely, according to the organic EL device of the present 
invention, since an electric current in obtaining the desired luminance can be largely reduced in comparison with con- 
ventional EL devices, the potential reduction can be diminished with the result that substantially uniform light emission 
can be obtained in a large surface illumination apparatus. 

35 [01 12] Furthermore, in the formation of the charge generation layer, since the present invention is characterized by 
intentionally using a material having a considerably increased resistivity (of not less than 1.0 x 10 2 Hem, desirably not 
less than 1.0 x 10 5 ftcm) than that of an ITO and other electrically conductive materials (about 10* 4 flcm), a shadow 
mask for defining a vapor deposition area, which is with the same as that used in the formation of the patterned organic 
layer, can be used in the layer formation process of the charge generation layer, and thus the frequent change and 

40 precise positioning of the shadow mask can be excluded from the production process except for the formation of the 
electrodes. Namely, according to the present invention, it becomes possible to achieve a remarkably increased pro- 
ductivity. 

[0113] Figure 8 is a schematic cross-sectional view illustrating a laminated structure of the organic EL device ac- 
cording to an embodiment of the present invention. A glass substrate (transparent substrate) 1 includes, laminated in 

45 sequence thereon, a transparent electrode 2 constituting an anode electrode, a light-emissive unit 3-1 , a charge gen- 
eration layer 4-1, a light-emissive unit 3-2, a charge generation layer 4-2, a charge generation layer 4-(n-1), a 

light-emissive unit (3-n) wherein the n=1 , 2, 3, , and finally a cathode electrode (metal electrode) 5. In these elements 

(layers), the glass substrate (transparent substrate) 1 , the transparent anode electrode 2, the light-emissive unit (3-n) 
wherein n is 1 , 2, 3 and the cathode electrode 5 each is a well-known element (layer). The new feature in the EL 

50 device of the present invention resides in that a plurality of light- emissive units (3-n, wherein n is 1, 2, 3 ) are 

contained between both electrodes and are partitioned with an electrically insulating charge generation layer (4-n, 
wherein n is 1 , 2, 3 ) having a resistivity of not less than 1 .0 x 1 0 2 Qcm. 

[0114] Furthermore, in regard to organic EL devices, it is known that the characteristics thereof such as driving 
voltage, etc., can be varied depending upon the work function; the work function being one property of the electrode 
55 material. Referring to the organic EL device of the present invention, the charge generation layer 4-n used therein is 
not acting as an electrode. However, since an electron is injected into a direction of the anode electrode and a hole is 
injected in a direction of the cathode electrode, in the formation of the above-described components of the light-emissive 
unit, particularly the method for forming a electron injection (transporting) layer and a hole injection (transporting) layer, 
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an electron injection layer on a point that the electron injection barrier from the charge generation layer to the light 
emissive unit can be lowered. 

[0123] Furthermore, for example in the injection of holes from each charge generation layer 4-n to a direction of the 
cathode electrode, a hole injection layer, suggested by the inventors in Japanese Laid-open Patent Application Nos. 
5 11-251067 and 2001-244079, which contains a doped electron-accepting compound (Lewis acid compound) having a 
property of oxidizing an organic compound in terms of Lewis acid chemistry may be formed as a layer adjacent to the 
charge generation layer in a cathode side. Regardless of the work function of the material constituting the charge 
generation layer 4-n, hole injection in the absence of an energy barrier can be achieved. 

[0124] Moreover, a layer of the electron-accepting compound (Lewis acid compound) which is very thin and thus 

10 ensures a transparency may be formed as a hole injection layer. In this method, a layer thickness of the hole injection 
layer is desirably 30 nm or less, more desirably in the range of 0.5 to 30 nm. The layer thickness above 30 nm causes 
a reduction of the light transmittance, and at the same time, makes the device unstable because a content of the Lewis 
acid compound which has a high reactiveness and is unstable in air is excessively included in the layer. 
[0125] The electron-accepting compound (Lewis acid compound) used herein is not restricted to a specific com- 

15 pound. For example, electron-accepting compound includes an inorganic compound such as ferric chloride, ferric 
bromide, ferric iodide, aluminum chloride, aluminum bromide, aluminum iodide, gallium chloride, gallium bromide, gal- 
lium iodide, indium chloride, indium bromide, indium iodide, antimony pentachloride, arsenic pentafluoride, boron trif- 
luoride, and the like, and an organic compound such as DDQ (dicyanodichloroquinone), TNF (trinitrofluorenone), TCNQ 
(tetracyanoquinodimethane), 4F-TCNQ (tetrafluoro-tetracyanoquinodimethane), and the like. 

20 [0126] In the hole injection layer, a molar ratio of the organic compound and the electron-accepting compound (dopant 
compound) is desirably in the range of 0.01 to 1 0 with respect to the organic compound. A molar ratio of less than 0.01 
results In a reduction of the doping effects because a concentration of the molecule oxidized with the dopant (hereinafter, 
referred also to an "oxidized molecule") is excessively reduced. A molar ratio above 10 also results in a reduction of 
the doping effects because a concentration of the dopant in the layer is remarkably increased in comparison with 

25 concentration of the organic compound, thus causing an excessive reduction of a concentration of the oxidized molecule 
in the layer. 

[0127] Further, if the material forming a charge generation layer has a work function of not less than 4.5 eV, it may 
be sometimes possible to inject holes to each light-emissive unit without specially using an electron-accepting com- 
pound (Lewis acid compound). 
30 [0128] Conversely, as shown in Example 2 described hereinafter, the Lewis acid compound itself may sometimes 
act as a component of the charge generation layer. 

[0129] In the light-emissive units used in the present invention, the layers which are formed in direct contact with the 
cathode or anode may have the same composition as that of the layer adjacent to the charge generation layer on an 
anode side or the layer adjacent to the charge generation layer on a cathode side, respectively, or the electron injection 
35 layer and the hole injection layer each may have some other compositions. Of course, the electron injection layer and 
the hole injection layer used in the conventional EL devices may be suitably used. 

[01 30] In comparison with conventional organic EL devices, the amount of time it takes for the layer to be formed in 
the production of the organic EL device of the present invention is necessarily longer. Furthermore, since the present 
method is characterized in that the substantially same processes are repeatedly carried out, conventional batch system- 
40 based vapor deposition apparatuses which are currently widely used for layer formation require an excessively long 
processing time. Moreover, an increase of the production costs is of concern because a large amount of expensive 
organic materials must be used, compared to conventional organic EL devices. 

[0131] In such a case, it is suggested by the inventors in Japanese Patent Application No. 2001-153367 to use an 
in line-line system-based continuous layer formation apparatus. Using this apparatus, the time required for layer for- 

45 mation can be largely shortened and the efficiency of materials use can be increased so as to approach 100%. 

[0132] Furthermore, in the formation of the organic layer, the charge generation layer and the electrode layer which 
constitute the organic EL device of the present invention, any well-known deposition method which is conventionally 
used such as a resistive heating vapor deposition method, an electron beam vapor deposition method, a laser beam 
vapor deposition method, a sputtering method, and the like, can be used. 

50 [01 33] In particular, when an inorganic substance or compound such as metal oxide is used as an element for forming 
a charge generation layer, a vapor deposition method must be carried out with care, because there is a tendency that 
a deposited layer may have a composition which is outside of the desired stoichiometric composition due to separation, 
etc., of oxygen atoms from the compound. 

[01 34] Furthermore, when an inorganic substance or compound is deposited using a sputtering method, it is important 
55 to use a method in which a substrate having the formed organic layer is disposed separately from the plasma generated 
during the deposition process to thereby avoid damage of the organic layer. At the same time, it is also important that 
the molecules of the sputtered inorganic compounds are softly deposited on the organic layer with a kinetic energy up 
to a predetermined level in order to reduce damage in the device. 
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of the charge generation layer, was carried out by using a vapor deposition apparatus commercially available from 
VIEETECH JAPAN. The control of the deposition rate of the vapor deposition material and of the thickness of the 
deposited layers is carried out by using a thickness monitor, provided with a quartz oscillator and attached to the vapor 
deposition apparatus, "CRTM-8000" commercially available from ULVAC. Furthermore, to determine an actual layer 
thickness after the layer formation, a stylus step meter M P10" commercially available from Tencor, Co., was used. 
Furthermore, the characteristics of the organic EL device were evaluated with the source meter "2400", commercially 
available from KEITHLEY, and the luminance meter "BM-8", commercially available from TOPCON. A DC voltage was 
stepwise applied at an increasing rate of 0,2 volts per 2 seconds to the EL device having an ITO anode and an aluminum 
(Al) cathode, and the luminance and the electric current were determined after a lapse of one second from the com- 
pletion of each increase of the voltage. The EL spectrum was determined by using the optical multi-channel analyzer, 
"PMA-11" commercially available from HAMAMATSU PHOTONICS, driven at a constant electric current. 
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REFERENCE EXAMPLE 1 

(Example for the production of the conventional organic EL device-green light-emitting device) 

[0148] The conventional organic EL device having a laminate structure shown in Figure 9 was produced as follows. 
[0149] A glass substrate 1 used herein includes, coated in the predetermined pattern on a surface thereof, a trans- 
parent anode electrode 2 including an ITO (indium-tin oxide, sputtered product commercially available from ASAHI 
GLASS, or ion plating product commercially available from Nippon Sheet Glass Co., Ltd.) having a sheet resistance 
of about 20 0/D(fl/sq.) (see, Figure 10A). Alpha(cc)-NPD having a hole transporting property was deposited, through 
a metal mask (shadow mask) 40 for organic layer formation (see Figure 10B), onto the ITO-coated glass substrate 1 
under vacuum of about 1 0* 6 Torr and at a deposition rate of about 2A/sec to form a hole transportation layer 6 having 
a thickness of about 700A. 

[0150] An organic-metal complex of tris(8-quinolinolato) aluminum (hereinafter, briefly referred to as "Alq") is repre- 
sented by the following formula: 



30 



35 



40 





45 



50 



and a coumarin derivative which is a green light-emissive fluorescent dye, "C545T M (trade name) commercially available 
from KODAK, were deposited onto the hole transportation layer 6 under vacuum vapor deposition conditions to form 
a light- emissive layer 7 having a thickness of about 400A. Each deposition rate was adjusted so that the resulting 
light-emissive layer 7 contains a fluorescent dye in a concentration of about 1% by weight. 
[0151] Thereafter, bathocuproine represented by the following formula: 



55 
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CH3 



H3C 



and metal cesium (Cs) in a molar ratio of about 1 • 1 were rn-ripnncitoH .„ 

SIS! , F ' 9 .u re 16 Sh ° WS a " emiSsi0n s P ectrum of »» resultant organic EL device 

[0156] In the EL dev.ce of Reference Example 1, a voltage at which the emission was started was 2.2 volts. 
REFERENCE EXAMPLE 2 

(Example for the production of the conventional organic EL device-blue light-emitting device) 
Sn^ 

[0159] Spiro-DPVBi represented by the following formula: 
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20 

was deposited onto the hole transportation layer 9 under vacuum vapor deposition conditions to form a light-emissive 
layer 1 0 having a thickness of about 400A. 

[0160] Thereafter, as in Reference Example 1 , bathocuproine and metal cesium (Cs) in a molar ratio of about 1 : 1 
25 were co-deposited under the controlled vacuum vapor deposition conditions to form a metal (Cs)-doped electron in- 
jection layer 1 1 having a thickness of about 200A on the light-emissive layer 10. 

[0161] Finally, aluminum (Al) was deposited through a metal mask 41 for cathode layer formation (see, Figure 10C) 
at a deposition rate of about 1 0A/sec onto the electron injection layer 1 1 to form a cathode electrode 5 having a thickness 
of about 1,000A. An organic EL device having a square light-emissive area of 0.2 cm (length) by 0.2 cm (width) was 
30 thus obtained (see, Figure 10D). In Figure 17, an emission spectrum of the resultant organic EL device (Reference 
Example 2) is shown as a dotted line. 

[0162] In this organic EL device, a DC voltage was applied to between the anode electrode (ITO) and the cathode 
electrode (Al), and the characteristics of the blue light emitted from the light-emissive layer (spiro-DPVBi) 10 were 
measured to obtain the results plotted in Figures 24, 25 and 26. 
35 [01 63] In Figures 24, 25 and 26, white circle symbols (O) represent a graph of luminance (cd/m 2 ) - voltage (v) char- 
acteristic curve, a graph of current density (mA/cm 2 ) - voltage (v) characteristic curve and a graph of current efficiency 
(cd/A) - current density (mA/cm 2 ) characteristic curve, respectively, of the EL device of Reference Example 2. 
[0164] In the EL device of Reference Example 2, the voltage at which the emission was started was 2,6 volts. 

40 REFERENCE EXAMPLE 3 

(Example for the production of the conventional organic EL device-red light-emitting device) 

[0165] A conventional organic EL device having a laminate structure shown in Figure 12 was produced in a manner 

45 similar to Reference Example 1 as follows. 

[0166] A glass substrate 1 used herein includes, coated in the predetermined pattern on a surface thereof, a trans- 
parent anode electrode 2 including an ITO (indium-tin oxide, sputtered product commercially available from AS AH I 
GLASS) having a sheet resistance of about 20 Q/D(see, Figure 10A). cc-NPD having a hole transporting property was 
deposited, through a metal mask 40 for organic layer formation (see, Figure 1 0B), onto the ITO-coated glass substrate 

so 1 under vacuum of about 1 0- 6 Torr and at a deposition rate of about 2A/sec to form a hole transportation layer 1 2 having 
a thickness of about 700A. 

[0167] Alq and a red light-emissive fluorescent dye, "DCJTB"(trade name) commercially available from KODAK, 
were deposited onto the hole transportation layer 12 under the vacuum vapor deposition conditions to form a light- 
emissive layer 13 having a thickness of about 400A. Each deposition rate was adjusted so that the resulting light- 
55 emissive layer 1 3 contains the fluorescent dye in a concentration of about 1 % by weight. 

[0168] Thereafter, as in Reference Example 1 , bathocuproine and metal cesium (Cs) in a molar ratio of about 1 : 1 
were co-deposited under the controlled vacuum vapor deposition conditions to form a metal (Cs)-doped electron in- 
jection layer 1 4 having a thickness of about 200A on the light-emissive layer 13. 
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[0169] Finally, aluminum (Al) was deposited through a metal mask 41 fnrrsnh^i,, , .■ , 

Toll ,ine R9Ure a " emiSSi ° n SPeClmm ° f ^ reSU ' tant °^ anic EL device Examp.e 3) is shown with 

[0173] ,n the EL dev.ce of Reference Examp,e 3, a voltage at which the emission was sS was 2.2 volts. 
EXAMPLE 1 

fenSfde) ' ^ Pr ° dUCti0n ° f ° r9aniC EL haVi " 9 3 ^ aeration .ayer induding V 2 0, vanadium 
[0175] In accordance with the manner and order described in Reference Fvamnio 1 aHn M • 

[0180] Jn th.s EL device, a voltage at which the emission was started was 4 4 volts ie ex ac tlv?timo a «f h , 
observed in Reference Example 1 ' exact| y 2 timesof the voltage 

moloco,., 1o form a ."^^0 ""T ? — •«* ^n»P««™o 
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3-1 was reflected on the cathode, and the reflected light had a phase which substantially corresponds to a phase of 
the light directly projected in the direction of the substrate from the emissive site. 

EXAMPLE 2 

(Example for the production of the organic EL device having a charge generation layer consisting only of an organic 
compound) 

[0184] The organic EL device according to the present invention having a laminate structure shown in Figure 14 was 
produced as follows. 

[0185] In accordance with the manner which is substantially the same as that described in Reference Example 1 , a 
light-emissive unit 3-1 was deposited through a metal mask 40 for organic layer formation (see, Figure 1 0B) on an ITO 
pattern-coated glass substrate 1 shown in Figure 10A. Namely, a 700A-thick a-NPD, a 400A-thick layer including Alq : 
C545T = 100 : 1 (weight ratio), and a 200A-thick mixed layer including bathocuproine and metal cesium (Cs) were 
sequentially deposited. 

[01 86] 4F-TCNQ represented by the following formula: 




was deposited onto the metal-doped layer at a deposition rate of about 1 A/sec to form a charge generation layer 4-1 
having a thickness of about 20A. 2-TNATA (product of BANDO CHEMICAL) was deposited onto the charge generation 
layer 4-1 at a deposition rate of about 1 A/sec to obtain a layer thickness of about 50A. 

[0187] The formation of the charge generation layer 4-1 was also carried out in the presence of the metal mask 40 
for organic layer formation (see, Figure 10B). 

[0188] Thereafter, while the metal mask 40 for organic layer formation (Figure 10B) is still on the glass substrate 1 , 
the above-described step was again repeated to form a light-emissive unit 3-2. Namely, a 700A-thick a-NPD, a 400A- 
thick layer including Alq : C545T = 100 : 1 (weight ratio), and a 200A-thick mixed layer including bathocuproine and a 
metal cesium (Cs) were sequentially deposited. 

[0189] Finally, aluminum (Al) was deposited through a metal mask 41 for cathode layer formation (see, Figure 10C) 
at a deposition rate of about 10A/sec onto the light- emissive unit 3-2 to form a cathode electrode 5 having a thickness 
of about 1 ,000A. The organic EL device having a square light-emissive area of 0.2 cm (length) by 0.2 cm (width) was 
thus obtained (see, Figure 10D). 

[0190] In this organic EL device, a DC voltage was applied between the anode electrode (ITO) and the cathode 
electrode (Al), and the characteristics of the green light emitted from the light-emissive layer (co-deposited layer of Alq 
and C545T) were measured to obtain the results plotted in Figures 21 , 22 and 23. 

[0191] In Figures 21 , 22 and 23, the plus symbols (+) represent a graph of luminance (cd/m 2 ) - voltage (v) charac- 
teristic curve, a graph of current density (mA/cm 2 ) - voltage (v) characteristic curve and a graph of current efficiency 
(cd/A) - current density (mA/cm 2 ) characteristic curve, respectively, of the EL device of Example 2. 
[01 92] In the EL device of Example 2, it is considered that a charge transfer complex (4F-TCNQ- + 2-TNATA+) was 
formed between the two organic molecules, i.e., 4F-TCNQ which is a Lewis acid and 2-TNATA which is a hole trans- 
porting arylamine molecule. Namely, an interfacial surface between the 4F-TCNQ layer and the 2-TNATA layer acts 
as a charge generation layer. 

[0193] Furthermore, in this EL device, it was observed that the current efficiency was gradually reduced from a 
luminance of about 30 cd/m 2 (current density = 0.12 mA/cm 2 ), but the maximum current efficiency of about 25.6 cd/A 
was obtained at a current density range of up to about 0.1 mA/cm 2 . The maximum current efficiency of about 25.6 cd/ 
A is a value which could not be obtained in the conventional organic EL devices having only one light-emissive unit, 
and proves that the charge generation layer can be formed by using only an organic compound. 
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EXAMPLE 3 

fpeZlT ^ Pr0dUCti0n ° f ° rganiC EL ^ haVin9 *" «* having different emission 

rrom ASAHI GLASS) having a sheet resistance of about 20 O/D (see Fiaure 10/u On th« irn ™« dv a»aoie 

glass substrate 1 under vacuum of about 10* Torr and at a deposition rate of about 2Afeac to faSJIS ♦ "TO-coated 
layer of the light-emissive unit 3-1 having a thickness of about 800A 6 transportation 

DCJTB (KODAK) were depos.ted onto the hole transportation layer to form a red light-emissive lave rhEE . «2J' 
thick mixed layer including bathocuproine and Cs was deposited 

2 ?!Lf v 8 "* (A,) T deP ° Sited ,hr0U9h 3 metal mask 41 for cathod ^ layer formation (see Fiaure 10C . 

2, , ** E i Exa "*>* * * ««■«• « which »» amission was started was .bout 4 8 vote Namal. a,, 

"^cisasai^nsportiagmoiec^o^ 

surtace Mwaen ,ha vartartlan, paaBoaJd. <V 2 o s , , w lad „ KfSf, ." Sa^rS^C 
EXAMPLE 4 
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bathocuproine and a metal cesium (Cs) were sequentially deposited on each ITO pattern-coated glass substrate 1. 
[0206] Subsequently, V 2 0 5 (vanadium pentaoxide) was deposited onto the metal-doped layer at a deposition rate 
of about 2A/sec to form a charge generation layer 4-1 having a thickness of about 300A. The formation of the charge 
generation layer 4-1 was also carried out in the presence of the metal mask 40 for organic layer formation (see, Figure 
5 10B). 

[0207] Thereafter, while the metal mask 40 for organic layer formation (Figure 10B) Is still on the glass substrate 1 , 
the above-described step was again repeated to form a light-emissive unit 3-2 and a light-emissive layer 3-3. Note, in 
this example, that to ascertain the optimum conditions for an optical path length from each light-emissive site to a 
reflective cathode, a layer thickness of the hole transportation layer including a - NPD was varied with intention to 

10 obtain three different cells having the hole transportation layer of the thickness of about 300, 500 or 700A. 

[0208] Namely, a 300, 500 or 700A-thick a -NPD, a 600A-thick layer including Alq : C545T = 100 : 1 (weight ratio), 
and a 100A-thick mixed layer including bathocuproine and a metal cesium (Cs) were sequentially deposited on each 
substrate to form a light-emissive unit 3-2. Subsequently, V 2 0 5 (vanadium pentaoxide) was deposited at a deposition 
rate of about 2A/sec to form a charge generation layer 4-2 having a thickness of about 300A. 

15 [0209] After formation of the charge generation layer 4-2, the above-described process was again repeated. That 
is, a 300, 500 or 700A-thick a-NPD, a 600A-thick layer, including Alq : C545T = 100 : 1 (weight ratio), and a 100A-thick 
mixed layer including bathocuproine and a metal cesium (Cs) were sequentially deposited on the charge generation 
layer 4-2 to form a light-emissive unit 3-3. 

[0210] Finally, aluminum (Al) was deposited through a metal mask 41 for cathode layer formation (see, Figure 10C) 
20 at a deposition rate of about 10A/sec onto the light-emissive unit 3-3 to form a cathode electrode 5 having a thickness 
of about 1.000A. The organic EL device having a square light-emissive area of 0.2 cm (length) by 0.2 cm (width) was 
thus obtained (see, Figure 10D). 

[0211] In the resulting organic EL device, a DC voltage was applied to between the anode electrode (ITO) and the 
cathode electrode (Al) to measure the characteristics of the green light emitted from the light-emissive layer (co-de- 
25 posited layer of Alq and C545T). The results plotted in Figures 27, 28 and 29 were obtained. In these figures, the 
symbols O, Dand + each represents a graph of the luminance (cd/m 2 ) - voltage (v) characteristic curve, a graph of the 
current density (mA/cm 2 ) - voltage (v) characteristic curve, and a graph of the current efficiency (cd/A) - current density 
(mA/cm 2 ) characteristic curve, respectively, of each of the EL devices having the three different thickness described 
above. 

30 [021 2] As shown in Figure 29, the EL devices having the three different thickness each have a largely varied current 
efficiency (cd/A). In the devices having the light-emissive units 3-2 and 3-3 having a thickness of about 700A In the 
hole transportation layer, a maximum current density exceeding about 48 cd/A was obtained, while in the devices 
including the light-emissive units 3-2 and 3-3 having a thickness of about 300 or 500A in the hole transportation layer, 
the current density obtained was only about 18 or 28 cd/A. 

35 [0213] The EL device including the light-emissive units 3-2 and 3-3 having a thickness of about 700A in the hole 
transportation layer show that they have a current efficiency of about 1 6 cd/A (48/3 cd/A) per a light-emissive unit, and 
thus they represent the optimized examples in which in ail of the three light-emissive sites, an optical path length 
(product of a real layer thickness and an index of refraction) from the light-emissive site to the Al cathode (light reflective 
cathode) is always approximately an odd-numbered times a quarter wavelength of light, i.e., in this example, the layer 

40 thickness is 1/4 wavelength, 3/4 wavelength and 5/4 wavelength of the emission wavelength, respectively, from an Al 
cathode side of the device. 

[0214] An emission spectrum of each of the three organic EL devices obtained in Example 4 is shown in Figure 19. 
Furthermore, the emission spectrum of the device showing the maximum current efficiency (48 cd/A), selected from 
all the emission spectrums of the devices of Example 4, is also plotted in Figure 16 for the comparison with the spectrum 
45 of the device (one light-emissive unit) of Reference Example 1 and the spectrum of the device (two light-emissive units) 
of Example 1. 

EXAMPLE 5 

50 (Example for the production of the organic EL device including two light- emissive units having different emission 
spectrums; Experiments for optimizing the optical path length, a distance from each light-emissive site to a reflective 
electrode.) 

[0215] Three sheets of the ITO pattern-coated glass substrate were provided, and in accordance with the process 
55 which is substantially the same as that of Example 3, a blue light-emissive unit and a red light-emissive unit were 
deposited through a V 2 0 5 (vanadium pentaoxide) of the charge- generation layer 4-1 with the proviso that, in this 
example, for the purpose of ascertaining the optimum conditions for an optical path length of from a blue light-emissive 
site of the light-emissive unit 3-1 to the light reflective electrode, a layer thickness of the hole transportation layer 
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including a -NPD of the light-emissive unit 3-2 was varied with intention to obtain three different cells having the hole 
transportation layer of the thickness of about 300, 500 or 700A. Other layer deposition conditions and measurement 
conditions are with the same as those of Example 3. 

[021 6] In Figures 30, 31 and 32, the symbols Q + and Oeach represents a graph of the luminance (cd/m2) - voltage 
(v) charactenstic curve, a graph of the current density (mA/cm2) - voltage (v) characteristic curve, and a graph of the 
current efficiency (cd/A) - current density (mA/crrf) characteristic curve, respectively, of each of the EL devices having 
the three different thickness obtained in this example. 

[021 7] Furthermore, an emission spectrum of each of the three organic EL devices obtained in this example (ExamDle 
5) is shown in Figure 20. 

[021 8] As shown in Figure 32, the EL devices having the three different thicknesses each had a largely varied current 
efficiency (cd/A). In the devices including the light-emissive unit 3-2 having a thickness of about 700A in the hole 
transportation layer, a maximum current density exceeding about 8 cd/A was obtained, while in the devices including 
the light-emissive unit 3-2 having a thickness of about 300 or 500A in the hole transportation layer, the current density 
obtained was only about 6.5 or 4 cd/A. 

[0219] The EL device including the light-emissive unit 3-2 having a thickness of about 700A had an optical path 
length (product of a real layer thickness and an index of refraction) from the light-emissive site of spiro-DPVBi (blue 
light-emissive material) to the Al cathode (light reflective electrode) of about three times a quarter wavelength of light 
Namely, the EL device is an example of an optimized device. 

EXAMPLE 6 

(Example for the production of the organic EL device in which a layer contacting a charge generation layer on an anode 
side is an in-situ reaction generating layer, and having a charge generation layer consisting of the mixture of V,0 K and 
arylamine compound.) 2 5 

[0220] The organic EL device according to the present invention having a laminate structure shown in Figure 41 was 
produced as follows. 

[0221] In accordance with the manner which is substantially the same as that described in Reference Example 1 a 
light-emissive unit 3-1 was deposited through a metal mask 40 for organic layer formation (see, Figure 1 0B) on an ITO 
pattern-coated glass substrate 1 shown in Figure 10A. Namely, a 600A-thick a-NPD and a 700A-thick layer including 
Alq : C545T = 1 00 : 1 (weight ratio) were sequentially deposited. Thereafter the in-situ reaction generating layer was 
formed thereon. 

[0222] Namely, a metal-organic complex of 8-quinolinolato lithium (hereinafter, briefly referred to as "Liq") represent- 
ed by the following formula 




was deposited by 10A. Thereafter Al was deposited a as a thermally reducible metal at a deposition rate of about 1A/ 
sec to form an in-situ reaction generating layer having a thickness of 15A. 

[0223] Subsequently, V 2 O s (vanadium pentaoxide) and a -NPD was co-deposited at a molar ratio (V,0 5 - <x-NPD=4- 
1 ) on the in-situ reaction generating layer at a deposition rate of 2A/sec to form the charge generation layer 4-1 having 
a thickness of 200A. The charge generation layer was also deposited via the metal mask 40 for organic layer formation 
(see, Figure 1 0B). 

[0224] Thereafter, while the metal mask 40 for organic layer formation (Figure 1 0B) is still on the glass substrate 1 
the above-descnbed step was again repeated to form a light- emissive unit 3-2. Namely, a 600A-thick a-NPD a 700A- 
th.ck layer including Alq : C545T = 100 : 1 (weight ratio), and a 10A-thick Liq were sequentially deposited Finally 
aluminum (Al) was deposited through a metal mask 41 for cathode layer formation (see, Figure 10C) at a deposition 
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rate of 10A/sec to form a cathode electrode 5 having a thickness of about 1.000A. The organic EL device having a 
square light-emissive area of 0.2 cm (length) by 0.2 cm (width) was thus obtained (see, Figure 10D). 
[0225] In this organic EL device, a DC voltage was applied between the anode electrode (ITO) and the cathode 
electrode (Al), and the characteristics of the green light emitted from the light-emissive layer (co-deposited layer of Alq 
5 and C545T) were measured to obtain the results in Figures 42, 43, 44 and 45. In Figures 42, 43, 44 and 45, the circle 
symbols (•) represent a graph of luminance (cd/m 2 ) - voltage (v) characteristic curve, a graph of current density (mA/ 
cm 2 ) - voltage (v) characteristic curve, a graph of current efficiency (cd/A) - current density (mA/cm 2 ) characteristic 
curve and a graph of luminous efficiency (Im/W) - luminance (cd/m 2 ) characteristic curve, respectively, of the EL device 
of Example 6. 

10 [0226] For comparison, a result of a reference device (ITO/ a -NPD, 600A/Alq:C545T=100:1 , 700A/Liq, 10A/AI) hav- 
ing a conventional structure was plotted in Figures 42, 43, 44 and 45, using the circle symbols (O). 
[0227] As shown in the drawings, in the organic EL device in which the light-emissive unit was partitioned into 2 
units, a maximum current efficiency (and quantum efficiency) is improved to twice as the organic EL device in the above 
reference device. 

15 [0228] In the EL device of Example 6, it is considered, like in Example 1, that a charge transfer complex (V 2 0 5 -+ 
a-NPD + ) was formed between molecules of the V 2 0 5 and the a-NPD, a hole transporting arylamine molecule, by an 
oxidation reduction reaction. A mixed layer of the V 2 0 5 and the a-NPD is functioned as the charge generation layer. 
[0229] Furthermore, in this EL device, a material constituting the in-situ reaction generating layer includes only the 
organic metal complex having an alkaline metal ion (Lithium ion in the EXAMPLE 6). The material can be, however, a 

20 mixed layer of the electron transporting compound such as bathocuproine and Alq and the organic metal complex (see 
Japanese Laid-open Patent Application No.2000-1 82774) or a layer including the organic metal complex containing 
one of said metal ion. 

[0230] The in-situ reaction using inorganic compound containing one of said metal ion can also be adopted for the 
layer contacting the charge generation layer on an anode side, because such in-situ reaction has been observed 
25 conventionally also in using an inorganic alkaline metal compound as a contacting material to Al cathode and so on 
(see a reference document "J. Endo, T. Matsumoto, and J. Kido, Jpn. J. Appl. Phys. Vol. 41 (2002) pp.L800-L803"). 

TEST EXAMPLE 

30 (Measurement of resistivity in the charge generation layer and the like) 

[0231] In this example, the resistivity ( Q cm) was measured with two different methods depending on the range of 
the resistivity of the test sample. 

[0232] The first measuring method can be suitably applied to a test samples having a relatively large resistivity. The 
35 measurement is carried out by sandwiching a vapor deposition layer of the test sample with electrodes (see Figures 
33 and 34). The resistivity of the test sample is then calculated from a ratio of the electric field E(V/cm), obtained from 
an applied voltage (V) and a layer thickness (cm) of the deposition layer of the sample, i.e., distance between the 
electrodes, and a current density (A/cm 2 ) obtained from an observed current value (A) and a cross-sectional area (cm 2 ) 
of the current flowing region, i.e., resistivity (Q cm) = (V/cm) / (A/cm 2 ). 
^0 [0233] The resistivity evaluation device for use in this measuring method can be produced in accordance with the 
following method. Figure 33 is a plan view of the evaluation device, and Figure 34 is a cross-sectional view thereof. 
[0234] As in the Examples and the Reference Examples described above, a metal mask 40 shown in Figure 10B is 
used. A test sample (material, a resistivity of which is intended to be measured) 18 is deposited, through a shadow 
mask for forming both an organic layer and a charge generation layer, at a desired thickness on an ITO electrode 16 
45 having a width of about 2 mm or, alternatively, an aluminum electrode having a width of about 2 mm. Finally, an aluminum 
electrode 17 having a width of about 2 mm is deposited in such a manner that it is crossed with the ITO electrode 16. 
A desired evaluation device is thus obtained. 

[0235] The second measuring method can be suitably applied to the test samples having a relatively small resistivity. 
The measurement is carried out by using a resistivity evaluation device having a coplanar arrangement structure. 

50 Namely, as shown in Figures 35 and 36, a substrate 19 is provided, and on the same plane surface of the substrate 
19, electrodes which are used as an anode 20 and a cathode 21 are previously deposited at a certain distance of L 
cm. A test material 22 is deposited through a metal mask for defining a deposition area having an opening with the 
certain width (W cm) on the electrodes-deposited substrate 19 to obtain a deposited layer having a desired thickness 
(t cm). In this measuring method, an electric field E(V/cm) of the test sample is calculated by dividing an applied voltage 

55 (V) with a distance (L cm) between the electrodes, and a current density (A/cm 2 ) is calculated by dividing an observed 
current value (A) by a cross-sectional area of the current flowing region (in this example, W x t cm 2 ). The resistivity 
(Qcm) of the test sample can be calculated from the equation described above with regard to the first measuring method 
(sandwich method). 
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0236] Figure 37 is a graph showing the measurement results of the resistivity. The test samples used herein are 

Il^ nS T» Z e ^«^ V2 ° 5 (a Char9e 9enerati0n ,ayer accordin 9 10 the invention), a c^epc! 

alrl y r r ,„° hi n 5 and t a " NPC > (th [ ee kinds of molar ra *>* * V 2 0 5 : a-NPD=4:1 ,1:1.1:2)(a charge generation layer 
according to the present invention), a cc-deposition layer of V 2 0 5 and 2-TNATA [V 2 0 5 : 2-TNATA = 4-1 (molar ration 
a charge generation layer according to the present invention)], a co-deposition layer ofa-NPD, Cs and bathocuproine 
[Cs : bathocuproine = 1 :1 (molar ratio)(electron injecting layer in the light-emissive unit)], and Alq (light emitting mate- 

[0237] For the ITO, the co-deposition layer of V 2 O s and cc-NPD, and the co-deposition layer of V,0, and 2-TNATA 
the res.stiv.ty was measured using a measuring device having a coplanar arrangement structure (coplanar arrangement 
method), and for the cc-NPD, the cc-deposition layer of Cs and bathocuproine. and Alq 3 . the resistivity was measured 
U f Z a n T eaSUrin9 V,Ce haV, " g 8 SandWich structure ( sandwi <* method). Furthermore, the ot-NPD having a thickness 
° I!! measured by a measurin 9 device having the sandwich structure wherein the mixed layer of V,0, and 
a-NPD (the composrtion of the charge generation layer according to the present invention) was formed thinly bv 50A 
on a portion contacting both electrodes to make the charge injection from the electrode ohmic 
[0238] Furthermore, with regard to V 2 0 5 , the resistivity thereof was measured by using both of the coplanar arrange- 
ment method and the sandwich method with the result that a substantially same resistivity can be measured regardless 
of the difference of the applied methods. wuk>»* 

Coplanar arrangement method: 

[0239] 



O ITO4.6x10^£Jcm 

• V 2 O 5 7.2x 105 ! ncm 

A co-deposition layer of V 2 0 5 and a -NPD (V 2 0 5 : a - NPD=4:1 ) 2.0 x 10 3 £2 cm 

0 co-deposition layer of V 2 O s and a -NPD (V 2 0 5 : a - NPD=1 :1 ) 3.6 x 10 4 ftcm 

+ co-deposition layer of V 2 0 5 and a -NPD (V 2 0 5 : a - NPD=1:2) 2.9 x 10* £2cm 

□ co-deposition layer of V 2 O s and 2-TNATA (V 2 0 5 :2-TNATA=4: 1 ) 5.8 x 1 0* Clem 

Sandwich method: 



[0240] 

A ITOA/ 2 Os/AI 2.8 x 10 s £5cm 

▼ ITO/a-NPD/A1 1.5 x 10" Qcm 

■ ITO/V 2 0 5 : a -NPD(50A)/ a -NPD(1000A)A/ 2 O 5 : a - NPD(50A)/AI 8.0 x 108 flcm 

X AI/Alq3/AI6x10i3n cm 

I ITO/Cs:bathocuproine/AI 2 x 1 0 s ficm 

?!S ?T a / elationshi P between a ra«o (molar fraction) of the cc-deposition layer of V 2 O s and 

a-NPD, and res.st.vity. As shown .n Figure 40. due to the mixing of both materials, the charge generation layer according 
to the present invention .nd,cates a resistivity lower than that of each material. This result suggests a presence of 

EST < UCt ^ h re f t ?° n CaUSed by the ,ranSfer ° f eleCtr0ns ' ie - formation of tne charae tra "sfer complex. Accord- 
ingly it was found that the res.st.vity of the charge generation layer can be varied depending the way of contacting the 
electron acceptmg material such as V 2 O s with the hole transporting material, using an appropriate method such as 
laminating or mixing. 

[0242] As described above, since the EL device of the present invention has a structure wherein two or more liqht- 
em.ss.ve unrts were arranged between the electrodes while the light-emissive units are partitioned with an electrically 
insulating charge generation layer, an EL device having a long operational lifetime and a high luminance region can 
be achieved wrthout .ncreas.ng a current density so much. Furthermore, it is not necessary to frequently change and 
to precisely pos.t.on shadow masks for defining a vapor deposition area during production, especially during the for- 
mation of two or more light- emissive units and a charge generation layer. Furthermore, in the production of simple 
matnx-type display devices, it is not required to perform an operation which may cause a risk of disconnection in 
formation of a cattiode l.ne. thus enabling to retain high productivity, and effectively and stably produce an organic EL 
device with a high luminance and long operational lifetime. 

ES *T*TZ' Wh6n . the EL « deViCe W3S apP ' ied t0 the P roduc,ion of a " illumination apparatus, since a voltage 
reduction due to the resistance of the electrode material can be diminished, it becomes possible to achieve an uniform 
light em.ss.on over a large surface area. Similarly, if the EL device was applied to the production of a display device 
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having a simple matrix structure, since a voltage reduction due to the wiring resistance and an increase of the substrate 
temperature can be largely diminished, it becomes possible to achieve a large surface area simple matrix display 
device which could not be obtained using the conventional EL devices. 

[0244] Obvious changes may be made in the specific embodiments of the present invention described herein, such 
modifications being within the spirit and scope of the invention claimed. It is indicated that all matter contained herein 
is illustrative and does not limit the scope of the present invention. 



Claims 

1 . An organic electroluminescent device comprising: 

at least two light-emissive units provided between a cathode electrode and an anode electrode opposed to 
said cathode electrode, each of said light-emissive units including at least one light-emissive layer; 

wherein said light-emissive units are partitioned from each other by at least one charge generation iayer, 
said charge generation layer constituting an electrically insulating layer having a resistivity of not less than 1 .0 x 
10 2 Ocm. 

2. The organic electroluminescent device according to claim 1 , wherein the charge generation layer constitutes an 
electrically insulating layer having a resistivity of not less than 1 .0 x 10 5 Clem. 

3. The organic electroluminescent device according to claim 1 or 2, wherein said charge generation layer comprises 
at least one of a laminated and mixed layer formed from two different materials; 

wherein a charge transfer complex including a radical cation and a radical anion is formed upon an oxidation- 
reduction reaction between said two materials, and a radical cation state and a radical anion state in said charge 
transfer complex is transferred to a direction of the cathode and a direction of the anode, respectively, when a 
voltage is applied to said device, so that a hole is injected into the light-emissive unit which is located on a cathode 
side of the charge generation layer and is adjacent thereto, and an electron is injected into the light-emissive unit 
which is located on an anode side of the charge generation layer and is adjacent thereto. 

4. The organic electroluminescent device according to claim 1 , wherein said charge generation layer comprises one 
of a laminated and a mixed layer comprising: 

an organic compound having an ionization potential of less than 5.7 eV and a hole transporting property or 
electron donating property; and 

one of an inorganic and organic material capable of forming a charge transfer complex through the oxidation- 
reduction reaction thereof with said organic compound; 



said charge generation layer contains a charge transfer complex formed upon the oxidation-reduction reac- 
tion between said organic compound and one of an inorganic and organic material. 

5. The organic electroluminescent device according to claim 4, wherein said organic compound comprises an ar- 
ylamine compound, wherein said arylamine compound is represented by the following formula (I): 



wherein Ar1, Ar2 and Ar3 each independently represents an aromatic hydrocarbon group which may have 



wherein 




Ar 



1 



N — Ar 3 
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substituents. 

6. The organic electroluminescent device according to claim 5, wherein said organic compound comprises an ar- 
ylamine compound having a glass transition temperature of not lower than 90 °C. 

7. The organic electroluminescent device according to claim 6, wherein said arylamine comprises one of a - NPD 
2-TNATA, spiro-TAD, and spiro-NPB. ' 

8. The organic electroluminescent device according to claim 4, wherein said inorganic material comprises a metal 
oxide. 

9. The organic electroluminescent device according to claim 4, wherein said inorganic material comprises a metal 
halide. 

1 0. The organic electroluminescent device according to claim 8, wherein said metal oxide comprises one of vanadium 
pentaoxide and rhenium heptaoxide. 

11. The organic electroluminescent device according to claim 4, wherein said inorganic material is deposited by one 
of a resistive heating vapor deposition method, an electron beam vapor deposition method and a laser beam vapor 
deposition method. 

12. The organic electroluminescent device according to claim 4, wherein said inorganic material is deposited by a 
sputtering method; 

wherein a sputtering apparatus used in the sputtering method is a facing target sputtering system which 
comprises a pair of opposed targets provided at a certain distance, a reflection electrode capable of reflecting 
electrons towards a front peripheral area of each target, and a magnetic field generation device capable of forming 
a parallel magnetic field in the vicinity of the peripheral portion of each target, said magnetic field having a portion 
parallel to the peripheral portion of the target. 

13. The organic electroluminescent device according to claim 4, wherein said organic material-comprises at least one 
fluorine as a substituent group, and possesses at least one of an electron injection property and an electron ac- 
cepting property. 

14. The organic electroluminescent device according to claim 4, wherein said organic material comprises at least one 
cyano group as a substituent group, and possesses at least one of an electron injection property and an electron 
accepting property. 

1 5. The organic electroluminescent device according to claim 1 3, wherein said organic material comprises tetrafluoro- 
tetracyanoquinodimethane (4F-TCNQ). 

16. The organic electroluminescent device according to claim 1 or 2, wherein said light-emissive unit comprises, as a 
layer located on an anode side of said charge generation layer and being adjacent thereto, an electron injection 
layer having a mixture including an organic compound and a metal functioning as an electron donating dopant. 

17. The organic electroluminescent device according to claim 16, wherein said electron donating dopant comprises 
at least one metal selected from a group including an alkaline metal, an alkaline earth metal and a rare earth metal. 

18. The organic electroluminescent device according to claim 17, wherein said metal of the electron donating dopant 
is provided in a molar ratio of 0.1 to 10 with respect to said organic compound in said electron injection layer. 

1 9. The organic electroluminescent device according to claim 1 or 2, wherein said light-emissive unit comprises, as a 
layer located on an anode side of said charge generation layer and being adjacent thereto, a metal layer having 
a thickness of not more than 5 nm formed from a metal selected from an alkaline metal, an alkaline earth metal 
and a rare earth metal; 

wherein said metal constituting the layer diffuses in the adjacent electron transporting layer to react with 
electron transporting organic material; and 

wherein, as a result of said diffusion, an electron injection layer is composed of a mixture including said 
electron transporting organic material and a metal functioning as an electron donating dopant is formed. 
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20. The organic electroluminescent device according to claim 1 or 2, wherein said light-emissive unit comprises, as a 
layer located on an anode side of said charge generation layer and being adjacent thereto, a layer including an 
organic metal complex compound including at least one metal ion selected from an alkaline metal ion, an alkaline 
earth metal ion and a rare earth metal ion, and a reaction generating layer which is formed by an in-situ reduction 

5 reaction when a thermally reducible metal, which can reduce a metal ion in said organic metal complex to a metal 

in a vacuum is deposited on the organic metal complex constituting the layer. 

21. The organic electroluminescent device according to claim 1 or 2, wherein said light-emissive unit comprises, as a 
layer located on an anode side of said charge generation layer and being adjacent thereto, a layer including an 

10 inorganic compound including at least one metal ion selected from an alkaline metal ion, an alkaline earth metal 

ion and a rare earth metal ion, and a reaction generating layer which is formed by an in-situ reduction reaction 
when a thermally reducible metal, which can reduce a metal ion in the inorganic compound to a metal in a vacuum 
is deposited on the inorganic compound constituting the layer. 

15 22. The organic electroluminescent device according to claim 20 or 21 , wherein the thermally reducible metal includes 
at least one selected from Aluminum, Zirconium, Silicon, Titanium and Tungsten. 

23. The organic electroluminescent device according to claim 1 , wherein said light-emissive unit comprises a structure, 
as a layer located on an anode side of said charge generation layer and being adjacent thereto, in which a layer 

20 of a mixture including an organic compound and an electron donating dopant is formed, thereafter, a reaction 

generating layer is generated by an in-situ reduction reaction when a thermally reducible metal, which can reduce 
an alkaline metal ion, an alkaline earth metal ion or a rare earth metal ion to a metal in a vacuum, Is deposited on 
an organic metal complex compound containing at least one metal ion selected from an alkaline metal ion, an 
alkaline earth metal ion and a rare earth metal ion. 

25 

24. The organic electroluminescent device according to claim 1 , wherein said light-emissive unit comprises a structure, 
as a layer located on an anode side of said charge generation layer and being adjacent thereto, in which a layer 
of a mixture including an organic compound and an electron donating dopant is formed, thereafter, a reaction 
generating layer is generated by an in-situ reduction reaction when a thermally reducible metal, which can reduce 

30 an alkaline metal ion, an alkaline earth metal ion or a rare earth metal ion to a metal in a vacuum, is deposited on 

an inorganic compound containing at least one metal ion selected from an alkaline metal ion, an alkaline earth 
metal ion and a rare earth metal ion. 

25. The organic electroluminescent device according to claim 1 or 2, in which said light-emissive unit comprises, as 
35 a layer located on a cathode side of said charge generation layer and being adjacent thereto, a hole injection layer 

comprising a mixture of an organic compound and an electron accepting compound having a property capable of 
oxidizing said organic compound in terms of Lewis acid chemistry. 

26. The organic electroluminescent device according to claim 25, wherein the electron accepting compound having a 
40 property capable of oxidizing the organic compound in said hole injection layer in terms of Lewis acid chemistry 

is provided in a molar ratio of 0.01 to 10 with respect to the organic compound. 

27. The organic electroluminescent device according to claim 1 or 2, wherein said light-emissive unit comprises, as a 
layer located on a cathode side of said charge generation layer and being adjacent thereto, a hole injection layer 

45 including an electron accepting compound and having a thickness of not more than 30 nm. 

28. The organic electroluminescent device according to claim 1 or 2, wherein said light-emissive units each have 
different emission spectrums. 

so 29. The organic electroluminescent device according to claim 1 or 2, wherein said organic electroluminescent device 
emits white light due to superimposing of different lights from each light-emissive unit. 

30. The organic electroluminescent device according to claim 1 or 2, wherein at least one of said light-emissive units 
includes a light-emissive layer containing a phosphorescent material. 

55 

31. The organic electroluminescent device according to claim 1 or 2, wherein, in each of said light-emissive units, an 
optical path length from a light-emissive site to a light- reflective metal electrode is an odd-numbered times a 
quarter wavelength of light. 
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32. The organic electroluminescent device according to claim 1 or 2, wherein all the layers including said light-emissive 
units, said charge generation layer, and an electrode layer are formed on a substrate by heating a vaporizable 
matenal in a vacuum to deposit one of a vaporized and sublimed material on the substrate; 

wherein upon depositing said one of vaporized and sublimed material on the substrate, a substrate is trans- 
ported in a direction of a planar surface thereof, a deposition area being open in a lower surface of the substrate- 
a container is provided, in a lower position of the transporting substrate, including a vaporizable material having 
a deposition width which can cover the deposition area extending in a direction perpendicular to the transportation 
direction of the substrate; and said container is heated to thereby one of vaporize and sublime so as to deposit 
the vaporizable material provided in the container. 

33. The organic electroluminescent device according to claim 1 or 2, wherein a combined thickness of said light- 
emissive units and said charge generation layers, sandwiched between the cathode and the anode, is greater than 
1.000 nm (1um). 

34. The organic electroluminescent device according to claim 1 or 2, wherein said organic electroluminescent device 
is operated at a driving voltage of more than 25 volts. 

35. The organic electroluminescent device according to claim 1 or 2, wherein light can be passed in only one direction 
which is one of an anode electrode direction and a cathode electrode direction, from a light generation site in the 
organic electroluminescent device, wherein light advancing in a direction opposite to said only one direction is 
absorbed by a light-absorbing medium, and wherein, in each of said light-emissive units, a light interference effect 
is removed so that an adjustment of an optical path length from a light-emissive site of said light-emissive layers 
to a light-reflective metal electrode is substantially not necessary. 

36. The organic electroluminescent device according to claim 1 or 2, wherein a light advancing in one direction which 
is one of an anode electrode direction and a cathode electrode direction, from a light generation site in the organic 
-electroluminescent device is reflected diffusely by a diffused reflection medium, and wherein, in each of said light- 
emissive units, a light interference effect is removed, so that an adjustment of an optical path length from a light- 
emissive site of said light-emissive layers to a light-reflective metal electrode is substantially not necessary. 
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Fig. 1 0A 



Fig. 10B 



Fig. 10C 



Fig. 10D 
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Fig. 33 




Fig. 34 




16 Electrode 



15 Substrate 
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Fig.38B 




68 



EP 1 351 558 A1 



. 39A 



EP 1 351 558 A1 



Fig.39B 
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Fig. 40 
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Fig. 44 
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Fig. 45 
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